Constitutive activation of transcription factor AP-1 in cervical cancer and suppression of human papillomavirus (HPV) transcription and AP-1 activity in HeLa cells by curcumin.
The transcription factor AP-1 plays a central role in the transcriptional regulation of specific types of high-risk human papillomaviruses (HPVs) such as HPV16 and HPV18, which are etiologically associated with the development of cancer of the uterine cervix in women. In our study, we investigated the AP-1 binding activity and the expression pattern of different members of the AP-1 transcription factor family (c-Jun, JunB, JunD, c-Fos, FosB, Fra-1 and Fra-2) in different grades of cervical lesions starting from mild dysplasia to invasive cervical tumors, including normal control tissues, using specific antibodies raised against each of the AP-1 members. Results indicate that though AP-1 showed high binding activity and the majority of its members were highly expressed in tumor tissues, there is a distinct pattern of gradual increase of c-fos and a concomitant decrease of fra-1 expression that perfectly match the progression of cervical lesions. While c-fos is highly expressed in invasive cervical tumor, the expression of fra-1 becomes almost nil or absent, but the reverse is true in both controls and early precancerous lesions. These findings corroborate the results obtained in the cervical cancer cell line, HeLa. Interestingly, despite very low or absent AP-1 binding in normal as well as in premalignant lesions, AP-1 transcription and its binding activity was found to be very high in malignant tissues showing a preferential heterodimerization of c-fos with JunB instead of its canonical dimerization partner c-jun. Both in vivo and in vitro studies demonstrate that the overexpression of c-fos and downregulation of fra-1 expression as well as a change in the dimerization pattern of the AP-1 complex seem to play a crucial role during progression to malignancy. In a previous study, we demonstrated that a synthetic antioxidant, pyrrolidine dithiocarbamate (PDTC) can selectively downregulate HPV expression in human keratinocytes and cervical cancer cell lines. Since a redox regulatory pathway is involved in the expression of HPV that can be modulated by an antioxidant-induced reconstitution of the AP-1 transcription complex, we have used curcumin (diferuloylmethane), an active component of the perennial herb turmeric, which is a potent antioxidant and is well-known for its antiinflammatory and anticarcinogenic activity, to modulate the transcription of AP-1 and HPV. We demonstrate for the first time that curcumin can selectively downregulate HPV18 transcription as well as the AP-1 binding activity in HeLa cells. Most interestingly, curcumin can reverse the expression dynamics of c-fos and fra-1 in this tumorigenic cell line, mimicking the expression pattern observed in normal controls or precancerous lesions. Observation of curcumin-mediated complete downregulation of AP-1 binding activity and reversal of c-fos/fra-1 transcription to a normal state in tumorigenic HeLa cells represents a novel mechanism that can control transcription of pathogenic HPVs during keratinocyte differentiation and progression of cervical cancer. Our study thus provides a basis for developing a novel therapeutic approach to control pathogenic HPV infection by using potent antioxidative agents, such as curcumin.